ABSTRACT
. Vegetation, however, is a spatiotemporal phenomenon, with variation occurring on time scales ranging from 10 ' to 10® years (Prentice, 1986; Webb, 1986 Webb, , 1987 . Incorporation of a temporal dimension in studies of spatial gradients has largely been restricted to the short time scales ( 10' to 10® yr ) of secondary succession following severe disturbance (Peet and Loucks, 1977; Kessell, 1979; Peet, 1981 (Webb, 1981; Bradshaw and Webb, 1985; Prentice, 1985) . Pollen analyses from smaller basins have been used successfully in studies of vegetation history across local soil gradients (Brubaker, 1975; Jacobson, 1979; Bernabo, 1981) . However, the sensitivity of small-basin pollen assemblages to fine-scale vegetation patterns is limited (Jackson, 1988) . Plant macrofossils, which are not readily transported over long distances, have been applied in paleoecological studies of elevational gradients (Baker, 1976; Davis et ah, 1980; Spear, 1981; Dunwiddie, 1986) . Dunwiddie (1987) Jackson, 1989) . The principal objectives were to document the history of vegetation patterns along the elevational gradient and to identify the ecological and climatic factors responsible for changes in these patterns. Of particular interest were possible shifts in the elevational ranges of trees in response to Holocene climatic changes (Davis et al., 1980) and the developmental history of vegetation zonation along the gradient. Additional objectives included: 1) documentation of minimum arrival times for immigrating tree species, 2) clarification of the regional pollen record (Whitehead and Jackson, 1988) by identification of taxa poorly represented by pollen (e.g., Taxus, Thuja, Larix, herbs) and by species-level determinations of taxa not distinguishable by pollen morphology (e.g., Betula, Pinus), and 3) identification of local vegetation responses to species immigrations (Davis, 1981b) and the mid-Holocene hemlock decline (Davis, 1981a (Buddington, 1953) . The entire region was covered by continental Wisconsinan ice. Deglaciation was probably initiated by 14,000 yr B.P. (Craft, 1976) and was essentially complete by 12,500 yr B.P. (Denny, 1974, Whitehead and Jackson, 1988) . Local cirque glaciers may have persisted in the High Peaks until 11,500 yr B.P. (Craft, 1976 (Witty, 1968) .
Soils of the High Peaks consist of spodosols and histosols (Witty, 1968; Witty and Arnold, 1970) . The spodosols are heavily leached, acidic mineral soils formed in well-drained sites on till or congelifractate. Witty (1968) recognizes two types in the region: haplohumods, restricted to hardwood and pine forests at low elevations ( <800 m) and cryohumods, occurring under spruce-fir and fir forests at higher elevations. Histosols occur at high elevations in a wide variety of topographic situations.
The two most important types in the High Peaks are borofolists, which are well-drained organic soils covering bedrock, boulders, and thin congelifractate (Witty and Arnold, 1970) , and saturated histosols, which occur in local poorly drained areas. Winters are cold and snowy; summers are cool and wet (Mordoff, 1949) . Precipitation is generally distributed evenly throughout the year (Dethier, 1966 (Siccama, 1974) and the White Mountains of New Hampshire (Davis et al., 1980; Reiners et al., 1984) . The White Mountains appear to have a substantially higher mean annual precipitation lapse rate (9.4 cm/100 m) (Davis et al. , 1980) . Several important climatic variables increase non-linearly with elevation: cloud-droplet deposition, rime-ice deposition, cloud cover, and wind speed. Cloud-droplet and rime-ice deposition are not recorded by standard rain gauges but occur in significant amounts at high elevations in northeastern mountains (Schlesinger and Reiners, 1974) . Lovett et al. (1982) esti- mate that such deposition may increase effective precipitation those observed in mountainous regions of northeastern North America (Bray, 1915; Braun, 1950; Costing and Billings, 1951; McIntosh and Hurley, 1964; Holway et al., 1969; Scott and Holway, 1969; Bormann et al., 1970; DiNunzio, 1972; McIntosh, 1972; Siccama, 1974; Sprugel, 1976; Reiners and Lang, 1979) .
The primary vegetation pattern is in response to elevation; secondary patterns are imposed by soils, slope, aspect, microclimate, and disturbance history. Although changes in vegetation along the elevational gradient are gradational, it is convenient to describe this variation as a series of vegetation zones: (1) temperate/northern hardwoods-conifer forest zone (<300 m), (2) mixed conifer-northern hardwoods forest zone (~300-800 m), (3) subalpine spruce-fir-paper birch forest zone ( -800-1200 m), (4) subalpine fir forest zone ( -1200-1450 (Reiners et al., 1984) . (Heimberger, 1934; Braun, 1950; Ketchledge, 1967; Roman, 1980; Kudish, 1981 Ketchledge (1967 Ketchledge ( , 1979 Ketchledge ( , and personal communications, 1980 Ketchledge ( -1981 , and D. R. Whitehead (personal communications, 1981-1982 Timber harvesting in the late 19th Century selectively removed spruce, white pine, and hemlock from the watershed (Ketchledge, 1979) . The entire watershed was burned in 1903 (Suter, 1904) , but the southern portion was apparently less severely burned than the rest (E. H. Ketchledge, personal communication (Fig. 3) ; water retention time is less than a day (Charles, 1982 (Birks, 1973; Drake and Burrows, 1980) and that sediment thickness would increase away from the shore (Davis and Ford, 1982) Distance from shore was not considered a relevant factor in selecting coring sites in the three smaller, shallower basins (Elk Pass Bog, Lake Arnold, Lake Tear), so macrofossil cores were taken where sediments appeared to be thickest. I assumed that sediments would be thickest at greatest water depth in Lake Arnold (2.5 m) and Lake Tear (0.8 m) (Fig. 3) .
Probing of the Elk Pass basin indicated that sediment depth was greatest under the central part of the bog mat (Fig. 3) . Lake Tear was cored by M. C. Sheehan and myself in 1979. I obtained cores from Elk Pass Bog and Lake Arnold in 1980. The Lake Arnold Macrofossil Core lacked late-glacial and early Holocene sediments, so macrofossils were also recovered from the bottom 2.5 m of the Lake Arnold Pollen Core used by Whitehead and Jackson (1987) . At Lake Tear, the same core was used for analyses of pollen (Whitehead and Jackson, 1987) and macrofossils.
Coring was carried out with a modified Wright-Cushing square-rod piston sampler (Cushing and Wright, 1965 ) from a flat-bottomed boat with outrigger pontoons (Heart Lake) or from a collapsible plywood platform mounted on two inflatable canoes (Livingston Pond, Upper Wallface Pond, Lake Arnold, Lake Tear).
Laboratory
The Heart Lake, Livingston Pond, and Harlow, 1947) . Spruce cones, cone fragments, and cone scales were identified to the species level based on cone length, cone width, cone width-length ratio, bract length, bract width, bract apex shape, and free-scale distance. These features were compared with data from reference specimens and published sources (Hills and Ogilvie, 1970; Parker and MacLachlan, 1978) .
The macrofossil data ) are expressed as concentrations (number of specimens per 100 cm® of sediment). Usage of "sp.," "cf.," "type," and "/" in presenting the data follows Birks and Birks (1980 Samples for pollen analysis were prepared using standard methods for organic lake sediments (Faegri and Iversen, 1975) (Whitehead and Jackson, 1989) . Pollen zone boundaries were in most cases contemporaneous among the four '"C -dated cores (Whitehead and Jackson, 1989 Whitehead and Jackson, 1989) . Numbers refer to pollen percentages. (Chaney, 1924; McQueen, 1969; Birks, 1973; Glaser, 1978, 1981; Drake and Burrows, 1980; Spicer, 1980 Spicer, , 1981 Collinson, 1983; Holyoak, 1984; Dunwiddie, 1987) (1978, 1981) and Spicer (1980 Spicer ( , 1981 (Baker, 1976) . A second mechanism is "debris skiing," in which leaves and seeds are swept long distances along snow surfaces. This process is well-documented in tundra regions (Glaser, 1978 (Glaser, , 1981 (Jacobson and Bradshaw, 1981 (Fig. 6 ).
Zone HP-1. Macrofossil assemblages from HP-1 contain several characteristic tundra herbs and shrubs, including Betula glandulosa-type, Vaccinium uliginosum, Dryas integrifolia, and Empetrum spp. (Fig. 6) . The pollen spectra of this zone indicate tundra vegetation (Whitehead and Jackson, 1988 Changes in the macrofossil concentrations, therefore, may result from changes in the sorting and deposition regime (Spicer, 1980 (Spicer, , 1981 . Concentrations of spruce needles, sterigmata, and seeds increase markedly across the zone boundary (Fig. 6) , as do spruce pollen percentages (Fig. 4) . The pollen and macrofossil data together strongly suggest that spruce populations increased substantially in the vicinity of Heart Lake -12,000 yr B.P Macrofossils of Juniperus communis, Betula glandulosatype, Vaccinium uliginosum, and Dryas integrifolia occur in some HP-2 samples (Fig. 6) , corroborating pollen evidence (Whitehead and Jackson, 1988) Spicer, 1980 Spicer, , 1981 .
Achenes of Ranunculus Sect. Batrachium occurred in the lower portion of HP-2 (Jackson, 1983) . The preference of most species of this section for wet calcareous sites (Fernald, 1950) corroborates evidence from diatom stratigraphy (Whitehead et al., 1986 ) that watershed soils were base-rich.
White spruce was present in the vicinity of the lake during HP-2, as indicated by a well-preserved cone in the lower part of the zone (~11,400 yr B.P.) (Fig. 6 ). White spruce may have been the dominant spruce in the region during the spruce woodland period, given its ability to grow well on base-rich soils (Davis, 1983) .
Tamarack and fir became established during this portion of the late-glacial period (11,000 and 10,500 yr B.P, respectively) (Figs. 5, 6 ). The high concentrations of tamarack macrofossils in the upper portion of HP-2 (Figs. 5, 6 ) coincide with a significant pollen maximum (Whitehead and Jackson, 1989) . Tamarack evidently established substantial populations near the lake by~10,200 yr B.P.
Between 10,500 and 10,000 yr B.P. alder pollen percentages increased rapidly to a short-lived maximum and then declined sharply between 10,000 and 9500 yr B.P. (Fig. 4) (Whitehead and Jackson, 1989 Zone HP-3. This interval records the occurrence of closed, mixed deciduous-coniferous forests and the arrival of several important tree taxa in the Adirondack region (Whitehead and Jackson, 1989) . Pollen data indicate that by 9700 yr B.P., vegetation of the region consisted of birch, aspen, and fir, with hornbeam {Ostrya virginiana and/or Carpinus caroliniand), jackpine, black ash, and oak possibly present also. The abundance of paper birch fruits in lower HP-3 macrofossil assemblages (Figs. 5, 6) indicates that this species was a major component of watershed vegetation. Spruce, fir, and tamarack also occurred locally (Figs. 5, 6 ). Jackpine was evidently not common at Heart Lake; jackpine needles occur only at two levels (-8600 yrB.P.) (Fig.6) .
The immigration and establishment of white pine populations 9000 yr B.P. is recorded by the replacement of birch by white pine as the dominant pollen type (Fig. 4) (Whitehead and Jackson, 1989) . White pine needles and short shoots are abundant in upper HP-3 sediments (<9000 yr B.P.) (Fig. 6) . Spruce, fir, tamarack, and paper birch persisted in the watershed throughout HP-3 (Fig. 6 ). The abundance of paper birch macrofossils suggests that the sharp decline in birch pollen percentages in the lower part of HP-3 resulted more from an increase in white pine pollen than from a major decline in paper birch populations.
Tamarack abundance declined after 8500 yr B.P. Tamarack needle concentrations decline in both cores, and tamarack pollen decreases to trace levels (Whitehead and Jackson, 1989) .
A few hemlock needles and sterigmata occur in samples near the HP-2/HP-3 boundary of Macrofossil Core I (Fig. 5) . Hemlock pollen is absent or in trace percentages in sediments of this age (Fig. 4) (Whitehead and Jackson, 1989 Bennett, 1985 ; see also Davis et al., 1980) . Zone HP-4. The high percentages of hemlock pollen throughout HP-4 indicate that hemlock was an important regional component of the vegetation (Whitehead and Jackson, 1989) . Hemlock needles, sterigmata, twigs, and seeds are abundant in HP-4 macrofossil assemblages (Figs. 5, 6 ). Hemlock expanded rapidly at -7000 yr B.P, developing large populations near Heart Lake.
Fir needles, which are present throughout HP-3, are rare in HP-4. Spruce, tamarack, and paper birch are frequent in the lower part of HP-4, but they are rare or absent in the rest of the interval. Red pine disappears from Macrofossil Core II sediments just above the HP-3/HP-4 boundary. Pollen percentages of spruce, fir, tamarack, and pine also decrease at the HP-3/HP-4 boundary (Fig. 4 ; Whitehead and Jackson, 1989) . I interpet these trends to represent reduction of local abundance of fir, tamarack, spruce, red pine, and paper birch. The expansion of hemlock populations at Heart L. was probably the major causal factor. Hemlock trees are shade-tolerant, can attain great age, and will grow well on both slopes with coarse soils and flat, moist lake margins (Fowells, 1965; Rogers, 1978 Whitehead and Jackson, 1989) . Interspecific competition from hemlock appears to be a sufficient explanation for the local demise of intolerant taxa between 7000 and 6000 yr B.P. at Heart Lake. Climatic change may have played an indirect role in facilitating population expansion of hemlock.
The appearance of yellow birch in the macrofossil record at -6000 yr B.P. coincides with a substantial increase in birchpollen percentages (Fig. 4 ; Whitehead and Jackson, 1989) .
Competition with yellow birch may have been important in reducing populations of paper birch, which disappears from the macrofossil record at almost the same time that yellow birch appears (Fig. 6) . Yellow birch is the more shade-tolerant of the two species and is more effective at establishing itself in small light-gaps and disturbances (Fowells, 1965 The pollen and macrofossil data indicate that white pine abundance at Heart Lake declined during HP-4 (Figs. 4, 5, 6; Whitehead and Jackson, 1989) . Competition with hemlock was probably not the major cause. Substantial numbers of white pine needles were still being deposited at the Macrofossil Core II site more than 1000 yr after the hemlock expansion.
The maximum lifespan of white pine is less than 500 yr (Fowells, 1965) , so the disappearance of white pine needles in upper HP-4 does not represent the dying-off of the last generation of white pine established before the hemlock expansion. The white pine decline probably resulted from changes in climate and/or disturbance regime.
Immediately before the HP-4/HP-5 transition hemlock dominated the forests of the Heart Lake watershed. Yellow birch, sugar maple, and beech were also important.
Zone HP-5. The HP-4/HP-5 pollen zone boundary is marked by a sharp decline in hemlock percentages (Fig. 4; Whitehead and Jackson, 1989) , indicating a major regional decline in hemlock populations. Davis (1981a) has demonstrated that this decline occurred nearly synchronously throughout the Northeast and northern Midwest, and she argues that the event resulted from a sudden pest or disease outbreak.
The hemlock decline is recorded in the macrofossil sequences of both cores (Figs. 5, 6 ). (Although concentrations of hemlock needles are very high in one sample from the lower part of HP-5 (Fig. 6) , most of the needles were originally attached to a single twig in the sample.) The persistence of hemlock macrofossils in low numbers above the decline indicates that hemlock populations at Heart L. were not completely exterminated during the event.
The decline in hemlock pollen percentages is accompanied by increases in birch, beech, and, to a lesser extent, fir and pine pollen ( Fig. 4 ; Whitehead and Jackson, 1989) , indicating increases in abundance of these taxa in response to the death of hemlock trees. The macrofossil record supports this inference.
Well-preserved beech leaves, absent from HP-4 sediments, occur at several levels just above the hemlock decline in Macrofossil Core II (Fig. 6) Zone HP-6. The large increase in spruce-pollen percentages across the HP-5/HP-6 boundary marks the reappearance of spruce as an important component of regional vegetation (Fig. 4; Whitehead and Jackson, 1989) . The macrofossil diagrams record local increases of spruce populations (Figs. 5, 6 Macrofossils from the Livingston Pond Pollen Core (Fig. 7) provide a record of local vegetation during HP-2 and the earliest part of HP-3. Alder pollen percentages are high (20%) in the lowest sample from the Macrofossil Core (Jackson, 1983) ; the base of this core is probably just above the HP-2/HP-3 transition.
Zone HP-2. Spruce macrofossils are present throughout the zone (Fig. 7) (Jackson, 1983) .
The occurrence of Selaginella selaginoides megaspores in HP2 (Jackson, 1983) indicates that soils near the lakeshore were hase-rich (Fernald, 1950 ). This species is not known to occur in the modern Adirondack flora.
Zone HP-3. Basal HP-3 macrofossil samples from the Pollen Core include spruce, tamarack, fir, and paper birch (Fig. 7) . The lowermost HP-3 samples from the Macrofossil Core (Fig. 8) contain macrofossils of all four of these trees. Fir and paper birch macrofossils are abundant. Although spruce needles are frequent, spruce pollen percentages are very low ( < 5%) (Jackson, 1983 ). Vegetation of the watershed before 9000 yr B.P. was probably dominated by fir and paper birch, with spruce and tamarack also present.
White pine was established at Livingston Pond by 9000 yr B.P. (Fig. 8) . The abundance of white pine needles and the occurrence of white pine seeds suggest that it was present in substantial numbers between 9000 and 7000 yr B.P. Hemlock was present in the watershed after 7400 yr B.P. (Fig. 8) . Fir, paper birch, spruce, and tamarack continued to be present throughout HP-3.
Zone HP-4. This zone is represented by only 22 cm of sediment in the Macrofossil Core. Because the HP-4/HP-5 boundary occurs across a gap between core segments (Fig. 8) , it is likely that a few cm of upper HP-4 sediments are missing.
Hemlock macrofossils are abundant in the HP-4 assemblages. Remains of spruce, fir, tamarack, white pine, and paper birch are absent or present only in low numbers, in marked contrast to the upper HP-3 assemblages (Fig. 8) . I interpret this as a major expansion of hemlock populations in the watershed at 7000 yr B.P., with consequent reductions in abundance of other tree taxa. Hemlock was a major constituent of Livingston Pond forests before the hemlock decline. Yellow birch was present after 6000 yr B.P. (Fig. 8) .
Zone HP-5. Hemlock macrofossils are absent immediately above the hemlock decline (Fig. 8) (Fig. 10) (Jackson, 1983) . Spruce macrofossil concentrations decrease sharply a few cm above the base of the zone (Fig. 10) (Whitehead and Jackson, 1989) and the near-disappearance of macrofossils of herbs (Jackson, 1983) indicate that vegetation at Lake Arnold became more closed at~10,000 yr B.P. At the same time, alder pollen percentages increase sharply to high levels (Whitehead and Jackson, 1988) . Concentrations of spruce and fir macrofossils increase gi-eatly at the HP-2/HP-3 boundary; paper birch and green alder fruits appear for the first time in large numbers. Spruce and alder macrofossil concentrations, however, soon decline to low levels, while fir and paper birch increase to very high levels, which are sustained through the rest of 12) . Tamarack needles occur at the base of the zone, coinciding with a pollen maximum (Whitehead and Jackson, 1989 The abundance of coarse woody debris in Lake Tear sediments below 1.75 m ( -5800 yr B.P.) (Fig. 13) suggests that inlet stream channels drained directly into the lake without passing through a wetland. The absence of extensive wetland is also indicated by the relative rarity of macrofossils of wetland plants and the near-absence of Sphagnum leaves and stems below 1.75 m (Jackson, 1983 Sphagnum fragments become more abundant (Jackson, 1983) .
Cyperaceae stems are also frequent above 1.75 m. These changes record the development of peat mat near the mouths of the inlet streams. The source area for macrofossils probably became more local at this time.
Sand grains are abundant above the HP-4/HP-5 boundary at 0.90 m, and the sediment accumulation rate at Lake Tear decreases substantially at 0.90 m (Fig. 13) . This may represent increased sorting of sediments in the lake. Continued accumulation of sediments and encroachment of the peat mat would have decreased the volume of the basin. Consequently, water retention time would be reduced, and finer and more-buoyant particles would have an increased probability of passing through the outlet before becoming trapped in sediments. This would have concentrated coarser material in sediments and reduced the rate of accumulation of fine organic particles. The sorting effect may account for the rarity of paper birch and other Betulaceae fruits in the younger sediments (Fig. 13) . Alternatively, the sand accumulation may represent runoff or erosional events in the vicinity of the pond.
Zone HP-3. The macrofossil data confirm pollen evidence that substantial populations of spruce and alder persisted near Lake Tear for 1000-1500 yr after the regional decline of these taxa (Whitehead and Jackson, 1989) . Spruce needles and sterigmata and green alder fi-uits Eire consistently present in the lower part of HP-3, usually in large numbers (Fig. 13 ).
Fir and paper birch were present at the beginning of HP-3.
Macrofossil concentrations of these taxa are initially low but increase toward the top of HP-3. Populations of fir and paper birch may have been small while spruce and alder were still abundant. Tamarack occurred in the watershed during at least part of HP-3. Alder, tamarack, and spruce may have been locally abundant on flat, poorly drained areas along the inlet streams.
Spruce, alder, and paper birch macrofossils decrease in number toward the top of HP-3. Pollen percentages of these taxa also decrease late in HP-3. Vegetation near Lake Tear after 8000 yr B.P. was largely dominated by fir.
White pine needle fragments occur at a few levels dated between 7000 and 8000 yr B.P. These specimens may represent local white pine individuals. However, most of the needle fragments are charred, suggesting that they could have been transported to the lake by updrafts during forest fires at lower elevations.
Zone HP-4. Fir needles are abundant throughout the zone; spruce and alder macrofossils are rare. Paper birch fruits occur at most levels but in smaller numbers than in HP-3. Vegetation near Lake Tear was fir-dominated forest throughout HP-4. Spruce and paper birch occurred locally.
Zone HP-5. The HP-5 record from Lake Tear is difficult to interpret because of the change in deposition regime near the HP-4/HP-5 boundary and a hiatus in the core near the HP-5/ HP-6 transition. Fir appears to have been the major component of vegetation. Spruce and paper birch were also present.
Spruce appears to have been more common than during HP-4. Zone HP-6. Spruce and fir macrofossils are present at all levels; fir needles are abundant. Paper birch fruits occur occasionally. Vegetation throughout the interval was evidently similar to that near the pond today; subalpine fir forest with occasional spruce and paper birch. Spruce needles occur in the same concentrations as in HP-5 sediments. Spruce populations do not appear to have increased during the HP-5/HP-6 transition. Figure 13 . Woody plant macrofossil concentration diagram for Lake Tear of the Clouds. Scale has been reduced for A 6ies needles, Betula papyrifera fruits, and Betulaceae fruits.
NUMBER OF SPECIMENS
/IOOcm' SEDIMENT GYTTJA COARSE HERBACEOUS V V / COARSE WOODY [~~| SAND LLL L L L DETRITUS DETRITUS
CHRONOLOGY OF POST-GLACIAL IMMIGRATIONS
Both the macrofossil and pollen records provide minimum arrival dates for various tree and shrub taxa in the High Peaks (Tables 4, 5 ). The dates were estimated from the earliest occurrences of macrofossils at the study sites and from critical pollen percentages cited by Davis and Jacobson (1985) . In most cases the arrival time indicated by macrofossil occurrence is 500-1000 yr younger than that inferred from pollen data, which is not unexpected inasmuch as macrofossils are probably less effective at registering small colonizing populations than pollen. However, the closest correspondences between the two methods of estimation are for taxa with relatively high pollen threshold values (spruce, birch, white pine). The remaining pollen taxa (tamarack, fir, aspen, hemlock) have pollen threshold percentages of 1.5 or less (Table 5) . Such low percentages (from pollen sums of 200-1000 grains) are subject to sampling error and, as noted by Davis and Jacobson (1985) , must be applied with caution. In the case of tamarack macrofossils indicate its presence in the High Peaks 500-1000 yr before tamarack pollen grains appear in sediments (Tables 4, 5 ). Tamarack is highly underrepresented in pollen assemblages (Webb et al., 1981; Jackson, 1988 The macrofossil arrival times for green alder and jack pine (Table 4) are undoubtedly underestimates. Pollen data indicate that alder was present in the region by 10,500 yr B.P., 500 yr before the first macrofossil occurrence. Pollen of Pinus Subg. Pinus never exceeds 10%, the threshold for local occurrence cited by Davis and Jacobson (1985) , at any of the High Peaks sites (Whitehead and Jackson, 1989) . However, a distinct maximum at~10,000 yr B.P. probably records regional immigration of jack pine (Whitehead and Jackson, 1989) . The absence of jack pine needles older than 8500 yr B.P. probably results from absence of large local populations.
The earliest occurrence of white cedar macrofossils is in Zone HP-5 (~2700yr B.P.) of Elk Pass Bog (Table 5 in Jackson, 1983) . Foliage and seeds are abundant at Livingston Pond after 2000 yr B.R, but totally absent before that time (Fig. 8;  Table 10 in Jackson, 1983) . White cedar is well-represented by seeds and foliage in surface-sedimept macrofossil assemblages from Heart Lake and Livingston Pond, suggesting that its absence from the macrofossil record before 2700 yr B.P. represents absence from the local vegetation. Warner (1982) Whitehead and Jackson (1989) . Numbers in parentheses are threshold pollen percentages assumed to indicate local presence of the respective taxon (Davis and Jacobson, 1985) . HL and UWP refer to Heart Lake and Upper Wallface Pond, respectively.
Taxon
Arrival Time (yr B.P.) Picea (20%) 12,000 (HL); 13,000 (UWP) Larix (0.4) 10,000 (HL); 10,500 (UWP) Abies (0.2) 11,800 (HL); >12,000 (UWP) Populus (0.2) 10,500 (HL); 11,000 (UWP)
Betula (10) 10,250 (HL); 10,500 (UWP)
Pinus strobus (20) 9000 ( (Figs. 10, 11, 13) (Spear, 1981 ) . The spruce needle increase at these sites may be an artifact of changing deposition regimes (see Spicer 1980 Spicer , 1981 . However, the spruce needle declines all occur within gyttja and hence probably represent declines in spruce abundance near the ponds.
Alder pollen percentages increased with elevation during the alder maximum (Whitehead and Jackson, 1989) . The alder pollen maximum persisted longer at higher elevations (500 yr longer at Upper Wallface Pond and Lake Arnold; 1500 yr longer at Lake Tear). Similar elevational trends also occurred in the White Mountains (Spear, 1981 Alder pollen percentages do not exceed 3-4% between 10,500 and 9500 yr B.P. at a site in the central Adirondacks (Overpeck, 1985) (Damman, 1976; van Cleve and Viereck, 1981) .
The nitrogen-deficiency hypothesis, suggested by the nitrogen-fixing capacity of green alder (Dalton and Naylor, 1975; Binkley, 1982) (Richard and Poulin, 1976; Mott, 1977; Whitehead, 1979; Davis et ai, 1980; Spear, 1981) , but the maximum is not synchronous from region to region. However, at other northeastern sites, especially at low elevations, spruce woodland gives way directly to closed forest with no intervening alder peak (Mott, 1977; Richard, 1977 (Powells, 1965; Gilbert and Payette, 1982) .
Composition of Early Holocene Forests
Forests at low elevations ( < 1100 m) during the early Holocene (9700 -7000 yr B.P.) were dominated by fir, paper birch, and white pine, with spruce, aspen, and tamarack present in significant numbers before 9000 yr B.P. (Figs. 5, 6, 7, 8 (Davis, 1981b; Prentice, 1983 (Kudish, 1975) (Davis et al., 1980 (Smith, 1965; Watts, 1973; Davis et al., 1975; Davis, 1981b; Jackson, 1983; Davis and Botkin, 1985 (Webb et al., 1983a; Bartlein et al., 1984; Bartlein and Webb, 1985) .
The Late Holocene Spruce Increase
Spruce populations declined rapidly between 10,500 and 9500 yr B.P. at all sites except Lake Tear, where spruce remained abundant until 8000 yr B.P. Spruce populations were low from 9500 to 2500 yr B.P., but they then expanded between 2500-2000 yr B.P. except at L. Tear. Spruce expansion began earlier at high elevations than at lower sites.
The spruce increase in the High Peaks and elsewhere in the Northeast (Davis et al., 1980; Davis, 1983; Webb et al., 1983b;  Gaudreau and Webb, 1987) is best explained by a climatic trend toward cooler and/or wetter conditions after the early-mid-Holocene (Davis, 1983 (Davis, 1983) . Macrofossils usually do not allow definitive species determinations.
The Heart Lake macrofossil record indicates that white spruce was present and possibly dominant during late-glacial time. However, white spruce was probably absent from all of the study sites after 9000 yr B.P. By that time soils in the High Peaks above 660 m had become acidified (Whitehead et al., 1986) . (Webb et al., 1983b (Davis et al., 1980 The arrival of hemlock and northern hardwoods in the region was accompanied by a slight shift in zonation. Fir and paper birch became rare at lower elevations ( < 900 m), where forests dominated by hemlock and northern hardwoods developed. Forests dominated by fir and paper birch were subsequently restricted to sites above 900 m. Fir-paper birch forests were temporarily reestablished at Livingston Pond (850 m) following the hemlock decline, although yellow birch was also abundant there. The modern zonation appeared~2000 yr B.P. with the development of the spruce-fir-paper birch zone and the final disappearance of high-elevation populations of white pine, hemlock, and yellow birch. 
CONCLUSIONS

